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a b s t r a c t 

Background: Intrinsic capacity (IC) is a recent key concept proposed by the World Health Organization (WHO) 

based on aspects of functional ability (both physical and mental) rather than the presence or absence of diseases, 

with a potential to predict several health outcomes. 

Objective: To explore associations between IC and cognitive function (prospectively), and between IC and plasma 

p-tau181 (cross-sectionally and prospectively) among community-dwelling older adults. 

Methods: Observational study with 491 subjects ≥ 70 years (67.4 % female, mean 75.3 years, SD = 4.4), participants 

from the Multidomain Alzheimer Preventive Trial (MAPT). IC domains (locomotion, cognition, psychological, 

vitality) were combined into a 0–100 score. Alternative classification was based on the number of domains’ 

abnormalities. Plasma p-tau181 was measured at baseline and 36 months of follow-up. A composite cognitive 

score (CCS) based on four tests was determined at baseline, 6, 12, 24, 36, 48 and 60 months. 

Results: Inverse cross-sectional associations were observed between baseline IC score and p-tau181 (unadjusted 

model: 𝛽= -0.08, 95 %CI -0.13 to -0.03; p = 0.0025). A significant mean difference in p-tau181 3-year changes 

was observed between participants with low and normal IC (based on IC score) (adjusted model: 1.71, 95 %CI 

0.01 to 3.40; p = 0.0483). Prospective 5-year associations between IC and CCS were only observed in unadjusted 

analysis according to the alternative IC classification (-0.21, 95 %CI -0.38 to -0.04; p = 0.0156). 

Conclusion: IC was associated with plasma p-tau181 and cognitive function, but findings varied according to the 

method of IC classification. Further research may help settle the role of IC as a predictor of neurodegenerative 

diseases such as AD. In this regard, multidomain interventions have potential to protect IC over the aging process 

and prevent cognitive impairment, and should also be encouraged. 
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Abbreviations: AD, Alzheimer’s disease; BMI, body mass index;

CS, composite cognitive score; CI, confidence interval; CNT, Category

aming Test; Digit Symbol Substitution Test; GDS, Geriatric Depression

cale; IC, intrinsic capacity; MAPT, Multidomain Alzheimer Preventive

rial; MCI, mild cognitive impairment; MMSE, Mini-Mental State Ex-

mination; p-tau 181, phosphorylated-tau 181; PUFA, polyunsaturated
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. Introduction 

Since its conceptualization by the World Health Organization (WHO)

n 2015 [ 1 ], intrinsic capacity (IC) has been increasingly recognized as
025 
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n important measure in clinical practice and research related to aging

nd public health of older adults. Based on aspects of functional ability

both physical and mental) rather than the presence or absence of dis-

ase [ 1 ], IC is now the target of multiple research in the sake of finding

ffective interventions to promote healthy aging and to improve qual-

ty of life [ 2 ]. Its five domains (locomotion, cognition, psychological,

ensory – composed by hearing and vision – and vitality) reflects the bi-

logical reserves of the individual, what can be translated into biological

ge [ 3 , 4 ]. 

Following the extension of life expectancy, the prevalence of neu-

odegenerative diseases related to cognitive decline are widely increas-

ng worldwide [ 5 , 6 ]. In the meanwhile, technological advances are en-

bling research on the topic to reduce costs and complexity by exploring

eurodegenerative biomarkers in blood. In this sense, phosphorylated-

au 181 (p-tau181) assessed in plasma was the first p-tau specie to

emonstrate good accuracy for discriminating subjects with AD versus

ontrols [ 7–10 ] and has been widely used by researchers in recent years

 11 , 12 ]. Together with clinical assessments, it might help understanding

he biological processes leading to cognitive impairment and the factors

elated to the speed of its advance over time. 

Although increasing evidence shows IC to be a predictor of disabil-

ty, falls, hospitalization, frailty and mortality in middle-aged and older

dults [ 13–15 ], very limited research exploring the associations between

C and outcomes related to neurodegeneration is available so far. Initial

vidence points to higher IC acting as a protective factor against the in-

idence of Alzheimer’s disease (AD) and vascular dementia [ 16 ]. If this

elationship is supported by further studies, strategies protecting IC in

lder adults could possibly help fighting the burden of neurodegenera-

ive diseases. The present study aimed to investigate cross-sectional and

rospective associations between IC (defined with two different classi-

cations), plasma p-tau181 and cognitive function (assessed by a com-

osite score based on clinical tests) among community-dwelling older

dults at risk of cognitive decline. 

. Methods 

This prospective observational study was performed using data from

he Multidomain Alzheimer Preventive Trial (MAPT), a study created to

nvestigate the efficacy of a 3-year omega-3 polyunsaturated fatty acid

PUFA) supplementation and a multidomain intervention based on nu-

ritional counseling, physical activity and cognitive training in prevent-

ng cognitive decline among community-dwelling older adults. MAPT

nterventions, either combined or alone, had no significant effects on

ognitive decline in the studied population, and participants were ad-

itionally followed for another two years (observational phase). Details

re described elsewhere [ 17 , 18 ]. 

.1. Study population 

MAPT participants were men and women free of dementia aged ≥ 70

ears with spontaneous memory complaints, limitation in executing at

east one instrumental daily activity, or slow gait speed ( ≤ 0.8m/s mea-

ured by a 4-meter usual walking test), living in France. Further infor-

ation about participants’ selection is available elsewhere [ 17 ]. Data

as collected in 13 health centers from May 2008 to February 2011

recruitment), until April 2016 (end of follow-up). 

.2. Ethical considerations 

Subjects who agreed to join the study signed an informed consent.

he study protocol (NCT00672685, available at www.clinicaltrials.gov )

as authorized by the French Health Authority and approved by the Ad-

isory Committee for the Protection of Persons participating in Biomed-

cal Research of the Toulouse University Hospital. 
2

.3. Intrinsic capacity assessment 

IC domains were assessed by trained personnel, and for this study

nly baseline IC was considered. Because data for the sensory domain

f IC was not available for MAPT participants, four domains were eval-

ated: locomotion, cognition, psychological, and vitality. IC domains

ere combined into a 0-100 point scale (in which higher scores indicate

igher/better IC), as previously described by Lu et al. [ 19 ]. Locomotion

as assessed by the Short Physical Performance Battery (SPPB), a 12-

oint scale [ 20 ]. Cognitive function was assessed by the Mini Mental

tate Examination (MMSE), a 30-point instrument [ 21 ]. The psycholog-

cal domain was evaluated by the Geriatric Depression Scale (GDS), a

5-item instrument for identifying depressive symptoms in older adults

ith scores ranging from 0 to 15 (with higher scores meaning worse)

 22 ]. Vitality was based on the measure of hand grip strength (deter-

ined in kg with a handheld dynamometer in the dominant hand) [ 23 ].

ach test was then converted to a 0–100-point scale, with different max-

mum values applied for each sex for hand grip strength. Then, points

ere summed and divided by 4 (with the rescaled GDS score weighted

s − 1). 

In the present study, IC was additionally assessed according to the

umber of abnormalities on its domains. Abnormality in locomotion was

efined as SPPB score < 10 [ 24 ]. For cognitive function, abnormality

as considered if MMSE score < 26 [ 25 ]. Abnormal psychological do-

ain was defined as GDS score ≥ 5 [ 22 ]. Vitality, in turn, was consid-

red as abnormal if handgrip strength ≤ first quartile (Q1) (different

alues were applied for each sex). The number of abnormalities was

hen summed to form an IC score of 0-4 points. 

.4. Cognitive function assessment (as an outcome) 

Cognitive function analyzed as an outcome was assessed by a com-

osite cognitive score (CCS) based on the sum of Z-scores from four

ognitive tests divided by 4: free and total recall of the Free and Cued

elective Reminding test, the ten orientation items of the MMSE, the

igit Symbol Substitution Test and the Category Naming Test [ 18 , 26 ].

his measure was assessed at baseline, 36 and 60 months of follow-up. 

.5. Plasma p-tau181 assessment 

Plasma p-tau181 concentrations were assessed in a subset of MAPT

articipants ( n = 558 out of 1679) by using stored blood samples (frozen

t − 80 °C in EDTA tubes) taken at baseline and after 3 years of follow-up.

 Single molecule array (Simoa) method based on the AT270 (specific

or the threonine-181 phosphorylation site), and Tau12 (N-terminal epi-

ope 6–18 on human tau protein) anti-tau antibodies was performed, as

reviously detailed elsewhere [ 8 ], by using an HD-X Analyzer (Quan-

erix, Billerica, MA, USA) in a single batch analysis. P-tau181 values

ore than 3 standard deviations (SD) above the mean or less than 1

g/mL were considered as outliers and excluded from this analysis. Ex-

luding outliers resulted in 527 subjects. From them, 491 had informa-

ion to build the IC score and were included in the present study. 

.6. Confounders 

Analyses were adjusted by sex, age (years), education (no diploma or

rimary school certificate, secondary education, high school diploma or

niversity level), body mass index (in kg/m2 ), number of comorbidities

considering diabetes, hypertension, hypercholesterolemia, cardiovas-

ular disease, active cancer, asthma and chronic obstructive pulmonary

isease) and their interaction with time. 

.7. Statistical analysis 

Participants of the study were characterized by using descriptive

tatistics. Linear regression analysis was used to compare explore

he associations between continuous IC score and p-tau181 levels at

http://www.clinicaltrials.gov
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Table 1 

Characteristics of the studied sample. 

Total n = 491 

n % mean SD 

Sex (female) 331 67.4 – –

Age (years) 491 – 75.3 4.4 

Education 

No diploma or primary school certificate 113 23.3 – –

Secondary education 165 34.0 – –

High school diploma 68 14.0 – –

University level 140 28.8 – –

Body mass index (kg/m2 ) 490 – 26.3 4.0 

Number of comorbidities 

0 142 28.9 – –

1 195 39.7 – –

≥ 2 154 31.4 – –

Intrinsic capacity domains and status 

Intrinsic capacity score (0–100) 491 – 78.5 7.6 

Cognition 

MMSE score (0–30) 491 – 28.1 1.6 

Psychological 

GDS score (0–15) 491 – 3.1 2.6 

Locomotion 

SPPB score (0–12) 491 – 10.7 1.6 

Vitality 

Hand grip strength (kg) 491 – 26.6 8.9 

Intrinsic capacity status according to abnormalities in domains 491 

Low IC ( ≥ 1 abnormality) 268 54.6 – –

Normal IC (0 abnormality) 223 45.4 - –

Outcomes 

Plasma p-tau181 (pg/mL) 491 – 10.0 4.5 

Composite cognitive score 491 – 0.0 0.7 

Free and total recall of the FCSR score 491 73.5 9.1 

10-orientation items of the MMSE score 491 9.8 0.4 

Digit Symbol Substitution Test score 491 38.0 10.3 

Category Naming Test score 491 26.2 7.2 

FCSR, Free and Cued Selective Reminding test; GDS, Geriatric Depression Scale; IC, intrinsic capacity; MMSE, Mini-Mental State Examination; p-tau 

181, phosphorylated-tau 181; SPPB, Short Physical Performance Battery; SD, standard deviation. 
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aseline. Sensitivity analysis with IC score in quartiles was also tested.

inear mixed effects models (with a random effect at the subject level

nd at the center level, for the CCS) were performed to explore the vari-

tion in plasma p-tau181 and in the CCS (dependent variables) accord-

ng to IC groups (Q1 vs. Q2 to Q4 based on the 0–100 points score) over

ime (from baseline to 36 months for plasma p-tau181 and from base-

ine to 36 and 60 months of follow-up for the CCS). First, unadjusted

inear mixed models were performed with the following fixed effects: IC

roup, time, and their interaction. Then, adjusted linear mixed models

ere performed, taking into account the potential confounders men-

ioned above and their interaction with time (model 1: only considering

ge, sex and education; model 2: considering all variables). Sensitiv-

ty analysis with the alternative IC classification, based on the number

f IC domains’ abnormalities ( ≥ 1 vs 0), were performed similarly. For

rospective analyses, only participants from the control group of the

APT Study were included (those taking placebo and not performing

he multidomain intervention). Since MMSE (as a measure of the cog-

itive domain) was used to build IC score, in analyses testing the asso-

iations between IC at baseline and cognitive function over time, two

ersions of IC score were considered: one including the MMSE and an-

ther excluding it (thus considering only three IC domains). Analyses

ere performed with the Statistical Analysis Software (SAS) version 9.4

Cary, NC, USA), with a significance level set as 5 %. 

. Results 

.1. Characterization of the study sample 

The studied sample had mean age of 75.3 years (SD = 4.4), was com-

osed by 67.4 % women and presented mean plasma p-tau 181 con-
3

entrations of 10.0 pg/mL (SD = 4.5). Mean IC score was 78.5 (SD = 7.6),

nd 54.6 % of the sample presented at least one abnormality in IC do-

ains’. Additional participants’ characteristics at baseline are presented

n Table 1 . 

.2. Cross-sectional associations between baseline IC and plasma p-tau181 

We observed an inverse association between baseline IC score and

aseline plasma p-tau181 ( 𝛽=− 0.08, 95 % CI − 0.13 to − 0.03; p = 0.003),

ut significance did not persist after adjusting for potential confounders

model 1: 𝛽=− 0.04, 95 % CI − 0.10 to 0.01; p = 0.120; model 2: 𝛽=− 0.05,

5 % CI − 0.10 to 0.01; p = 0.096) ( Table 2 ). No cross-sectional associ-

tions were found when considering the alternative IC classifications

ased on the presence of domains’ abnormalities ( Table 2 ). 

In sensitivity analysis with baseline IC score in quartiles, higher

lasma p-tau was observed among participants in the forth quartile of

C score, compared to those in Q1 ( 𝛽=− 1.67, 95 % CI − 2.80 to − 0.55;

 = 0.004), while no associations were observed when Q2 or Q3 were

ompared to Q1. This finding did not remain significant in the adjusted

odels though (model 1: 𝛽=− 1.06, 95 % CI − 2.21 to 0.09; p = 0.072;

odel 2: 𝛽=− 1.11, 95 % CI − 2.27 to 0.04; p = 0.058) (Supplementary

able 1). 

.3. Prospective associations between IC and 3-year plasma p-tau181 

After 3 years, plasma p-tau changes remained stable among partic-

pants with low IC (Q1 of the IC score), but slightly declined among

hose with normal IC (Q2 to Q4 of IC score). In spite of this change did

ot reach statistical significance ( p = 0.095), when the changes over



K.V. Giudici, P. de Souto Barreto, C. Cantet et al. The Journal of Frailty & Aging 14 (2025) 100064

Table 2 

Cross-sectional associations between baseline intrinsic capacity and plasma p-tau181 among community-dwelling older 

adults. 

Baseline plasma p-tau181 

n 𝛽 95 % CI p-value 

Intrinsic capacity score (0–100) 

Unadjusted 491 − 0.08 − 0.13 to-0.03 0.003 

Adjusted (model 1)∗ ∗ 486 − 0.04 − 0.10 to 0.01 0.120 

Adjusted (model 2)∗ ∗ ∗ 485 − 0.05 − 0.10 to 0.01 0.096 

Intrinsic capacity status∗ (0–4, ≥ 1 vs 0) 

Unadjusted 511 0.57 − 0.22 to 1.36 0.150 

Adjusted (model 1)∗ ∗ 504 − 0.06 − 0.87 to 0.75 0.886 

Adjusted (model 2)∗ ∗ ∗ 504 − 0.01 − 0.83 to 0.80 0.971 

CI, confidence interval; IC, intrinsic capacity; ∗ based on the number of abnormalities in IC domains at baseline: abnor- 

mality in cognitive function if MMSE < 26; abnormality in locomotion if SPPB < 10; abnormality in vitality if grip strength 

≤ Q1 (different values were applied for each sex); abnormality in psychological domain if GDS ≥ 5; In spite of n = 491 sub- 

jects with information in all the 4 domains used to define IC status, 20 additional subjects with p-tau181 assessment had 

information on at least 1 IC domain and presented abnormality on it, reaching a sample of 511 for this specific analysis. 
∗ ∗ Model 1: adjusted by sex, age (years), education (no diploma or primary school certificate, secondary education, high 

school diploma or university level) and their interaction with time. ∗ ∗ ∗ Model 2: adjusted by sex, age (years), education 

(no diploma or primary school certificate, secondary education, high school diploma or university level), BMI (kg/m2 ), 

and number of comorbidities (considering diabetes, hypertension, hypercholesterolemia, cardiovascular disease, active 

cancer, asthma or chronic obstructive pulmonary disease). 

Table 3 

Mixed-effect linear regression analysis for variation in plasma p-tau181 over a 3-year follow-up according to baseline intrinsic capacity among 

community-dwelling older adults (participants of the MAPT Study in the placebo group). 

Change in plasma p-tau181 (pg/mL) from 

baseline to 3 years 

Group difference in plasma p-tau181 between low IC and normal IC 

(ref.) over 3 years 

Within-group mean difference (95 % CI); n∗ Between-group mean difference (95 % CI); P-value 

Low IC Normal IC Unadjusted Adj. (model 1) Adj. (model 2) 

Baseline intrinsic capacity 

score (0–100) 

Q1 ( ≤ 76.96) Q2 to Q4 

Baseline to 3 years 0.09 (− 1.22, 1.40); 

p = 0.890; n = 33 to 

32 

− 0.67 (− 1.45, 0.12); 

p = 0.095; n = 92 to 

91 

0.76 (− 0.77, 2.29); 

0.328 

1.65 (− 0.04, 3.33); 

0.055 

1.71 (0.01, 3.40); 

0.048 

Baseline intrinsic capacity 

status∗ ∗ (0–4) 

≥ 1 abnormalities 0 abnormalities 

Baseline to 3 years − 1.01 (− 1.90, − 0.13); 

p = 0.026 ; n = 73 to 

71 

− 0.01 (− 1.00, 0.99); 

p = 0.991; n = 57 to 

57 

− 1.01 (− 2.34, 0.32); 

0.137 

− 0.56 (− 2.08, 0.95); 

0.463 

− 0.63 (− 2.14, 0.87); 

0.405 

CI, confidence interval; IC, intrinsic capacity; ∗ n = baseline to 3 years; ∗ ∗ based on the number of abnormalities in IC domains at baseline: abnormality 

in cognitive function if MMSE < 26; abnormality in locomotion if SPPB < 10; abnormality in vitality if grip strength ≤ Q1 (different values were 

applied for each sex); abnormality in psychological domain if GDS ≥ 5; Model 1: adjusted by sex, age (years), education (no diploma or primary 

school certificate, secondary education, high school diploma or university level) and their interaction with time. Model 2: adjusted by sex, age 

(years), education (no diploma or primary school certificate, secondary education, high school diploma or university level), BMI (kg/m2 ), number 

of comorbidities (considering diabetes, hypertension, hypercholesterolemia, cardiovascular disease, active cancer, asthma or chronic obstructive 

pulmonary disease) and their interaction with time. 

t  

e  

t  

(

 

b  

p  

C  

e  

t  

0  

(

3

 

5  

t  

w  

(  

d  

a  

M  

d  

g  

t

 

m  

o  

I  

u  

5  

p  

t  
ime of these two groups were compared, a significant mean differ-

nce between-groups was observed in the full model adjusted for po-

ential confounders (model 2: 1.71, 95 %CI 0.01 to 3.40; p = 0.048)

 Table 3 ). 

In sensitivity analysis considering the alternative classification of IC

ased on the number of abnormalities, a significant decline in plasma

-tau181 was observed among participants with low IC (− 1.01, 95 %

I − 1.90 to − 0.13; p = 0.026), but not in the normal IC group. How-

ver, no differences were observed for 3-year changes in plasma p-

au181 between groups (adjusted model 1: − 0.56, 95 % CI − 2.08 to

.95; p = 0.463; model 2: − 0.63, 95 % CI − 2.14 to 0.87; p = 0.405)

 Table 3 ). 

.4. Prospective associations between IC and cognitive function 

Cognitive function significantly declined over time (after 3 years and

 years), independently of IC classification (low or normal) based on
4

he 0–100 points score. However, no between-group mean differences

ere observed, for both IC constructions (including the MMSE or not)

 Table 4 ). When evaluating the IC score in separate quartiles, significant

eclines in CCS over time were observed only among participants in Q1

nd Q2 of IC score (both at 3 and 5 years, and independently of including

MSE or not; at 5 years in the version excluding the MMSE, significant

eclines were also observed among participants in Q3), but no between-

roups mean differences were observed when comparing Q2, Q3 and Q4

o Q1 (Supplementary Table 2). 

In sensitivity analysis with IC status based on the presence of abnor-

alities in IC domains, significant declines in cognitive function were

nly observed among the group with low IC when MMSE was included in

C construction, with significant between-group mean differences in the

nadjusted model (3 years: − 0.17, 95 % CI − 0.31 to − 0.03; p = 0.018;

 years: − 0.21, 95 % CI − 0.38 to − 0.04; p = 0.016). Differences did not

ersist after adjustments for potential confounders though. According

o the IC construct excluding the MMSE, significant declines in cogni-
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Table 4 

Mixed-effect linear regression analysis for variation in composite cognitive score over a 5-year follow-up according to baseline intrinsic capacity among community-dwelling older adults (participants of the MAPT 

Study in the placebo group). 

Change in composite cognitive score∗ ∗ from baseline to 3 or 5 years Group difference in composite cognitive score∗ ∗ between low IC and normal IC (ref.) over time 

Within-group mean difference (95 % CI); n∗ Between-group mean difference (95 % CI); P-value 

Low IC Normal IC Unadjusted Adj. (model 1) Adj. (model 2) 

Intrinsic capacity score (0–100, 

MMSE included) 

Q1 ( ≤ 75.06) Q2 to Q4 

Baseline to 3 years − 0.16 (− 0.30, − 0.01); p = 0.036 ; 

n = 93 to 67 

− 0.10 (− 0.19, − 0.02); p = 0.015 ; 

n = 263 to 220 

− 0.05 (− 0.22, 0.11); 0.533 0.05 (− 0.12, 0.22); 0.576 0.04 (− 0.13, 0.22); 0.609 

Baseline to 5 years − 0.30 (− 0.49, − 0.11); p = 0.002 ; 

n = 93 to 39 

− 0.19 (− 0.29, − 0.09); p = 0.0002 ; 

n = 263 to 172 

− 0.11 (− 0.32, 0.11); 0.331 − 0.02 (− 0.23, 0.20); 0.880 − 0.03 (− 0.25, 0.19); 0.805 

Intrinsic capacity score (0–100, 

MMSE excluded) 

Q1 ( ≤ 68.65) Q2 to Q4 

Baseline to 3 years − 0.16 (− 0.31, − 0.01); p = 0.033 ; 

n = 89 to 63 

− 0.10 (− 0.18, − 0.02); p = 0.015 ; 

n = 267 to 224 

− 0.06 (− 0.23, 0.11); 0.485 0.04 (− 0.13, 0.22); 0.640 0.04 (− 0.14, 0.21); 0.683 

Baseline to 5 years − 0.31 (− 0.50, − 0.12); p = 0.002 ; 

n = 89 to 40 

− 0.19 (− 0.29, − 0.09); p = 0.0002 ; 

n = 267 to 171 

− 0.11 (− 0.33, 0.10); 0.297 − 0.02 (− 0.24, 0.19); 0.847 − 0.03 (− 0.25, 0.18); 0.774 

Intrinsic capacity status∗ ∗ ∗ (0–4, 

MMSE included) 

≥ 1 abnormalities 0 abnormalities 

Baseline to 3 years − 0.18 (− 0.27, − 0.09); p = 0.0001 ; 

n = 219 to 167 

− 0.01 (− 0.12, 0.10); p = 0.872; 

n = 149 to 132 

− 0.17 (− 0.31, − 0.03); 

0.018 

− 0.08 (− 0.23, 0.07); 0.312 − 0.08 (− 0.22, 0.07); 0.317 

Baseline to 5 years − 0.30 (− 0.41, − 0.19); p < 0.0001 ; 

n = 219 to 113 

− 0.09 (− 0.22, 0.04); p = 0.169; 

n = 149 to 109 

− 0.21 (− 0.38, − 0.04); 

0.016 

− 0.09 (− 0.27, 0.08); 0.293 − 0.09 (− 0.27, 0.09); 0.316 

Intrinsic capacity status∗ ∗ ∗ (0–3, 

MMSE excluded) 

≥ 1 abnormalities 0 abnormalities 

Baseline to 3 years − 0.15 (− 0.24, − 0.05); p = 0.002 ; 

n = 206 to 158 

− 0.07 (− 0.17, 0.04); p = 0.199; 

n = 161 to 140 

− 0.08 (− 0.22, 0.06); 0.2546 0.01 (− 0.13, 0.16); 0.8662 0.01 (− 0.13, 0.16); 0.860 

Baseline to 5 years − 0.29 (− 0.41, − 0.17); p < 0.0001 ; 

n = 206 to 107 

− 0.13 (− 0.25, − 0.00); p = 0.044 ; 

n = 161 to 114 

− 0.16 (− 0.33, 0.01); 0.0635 − 0.04 (− 0.21, 0.14); 0.6715 − 0.04 (− 0.22, 0.13); 0.645 

CI, confidence interval; IC, intrinsic capacity; MMSE, Mini Mental State Examination; Q, quartile; ∗ n = baseline to 3 years or 5 years; ∗ ∗ based on the sum of Z-scores from four cognitive tests divided by 4: free and 

total recall of the Free and Cued Selective Reminding test, the ten orientation items of the Mini-Mental State Examination, Digit Symbol Substitution Test and Category Naming Test; ∗ ∗ ∗ based on the number of 

abnormalities in IC domains at baseline: abnormality in cognitive function if MMSE < 26; abnormality in locomotion if SPPB < 10; abnormality in vitality if handgrip strength ≤ Q1 (different values were applied for 

each sex); abnormality in psychological domain if GDS ≥ 5; Model 1: adjusted by sex, age (years), education (no diploma or primary school certificate, secondary education, high school diploma or university level) 

and their interaction with time. ∗ ∗ ∗ Model 2: adjusted by sex, age (years), education (no diploma or primary school certificate, secondary education, high school diploma or university level), BMI (kg/m2 ), number of 

comorbidities (considering diabetes, hypertension, hypercholesterolemia, cardiovascular disease, active cancer, asthma or chronic obstructive pulmonary disease) and their interaction with time. 
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ive function were observed for participants with low IC both at 3 years

− 0.15, 95 % CI − 0.24 to − 0.05; p = 0.002) and 5 years (− 0.29, 95 % CI

 0.41 to − 0.17; p < 0.0001), but only at 5 years for those with normal

C (− 0.13, 95 % CI − 0.25 to − 0.00; p = 0.044). However, no between-

roup mean differences were observed ( Table 4 ). 

. Discussion 

This study investigated cross-sectional and prospective associations

etween IC (defined by two different methods), plasma p-tau181 and

ognitive function assessments among a sample of community-dwelling

lder adults at risk of cognitive decline. IC was associated with plasma

-tau181 and with the composite cognitive score (in the sense of higher

C as a protector of these cognitive outcomes), but findings varied ac-

ording to method of IC classification and to the presence or absence

f adjustments for potential confounders. In prospective analyses, we

ore specifically found a significant between-group change in p-tau181

evels over the 3-year follow in the fully adjusted model reflecting no

hange among the low IC group and a slight decline in the normal IC

roup. 

Although crucial for understanding the global pathways of aging

owadays, the innovative concept of IC has no official nor consensual

uideline for assessment so far [ 2 , 27 ]. Considering it encompasses sev-

ral health domains, which can be, each of them, evaluated by multiple

ifferent scales and tests, a wide range of possibilities exists to build

C. In spite of the absence of data on the sensory domain of IC in our

tudy clearly be a limitation, many other studies were also restricted

o analyzing IC by only four out of its five domains, as recently identi-

ed by Sanchez-Rodriguez et al. [ 2 ] in a review of intervention studies

argeting IC. Moreover, since there are no consensual cutoffs defined

o establish low or normal IC, we have opted to use quartiles (for the

omposite IC score) and the presence of abnormalities in IC domains to

lassify participants according to their IC status. Given the importance

f the concept of IC to clinical care and public health, it would be inter-

sting if in the future, research could lean on standard IC assessments

nd validated cutoffs for investigating IC status. 

To the best of our knowledge, no study has explored the associa-

ions between IC and plasma p-tau181 so far (nor other plasma or cere-

rospinal fluid p-tau metabolites). In spite of the discrepancies in our

ndings depending on the type of analysis (cross-sectional or longitudi-

al; unadjusted or adjusted), our study shows initial evidence of a po-

ential association between IC and this newer biomarker of AD. Further

esearch exploring IC and plasma p-tau are therefore warranted. In the

eanwhile, interesting recent evidence linking IC to adverse health out-

omes related to neurodegeneration stimulates this search: in a cohort

nalysis including 366,406 participants from the UK Biobank, Sun et al.

 16 ], have recently shown deficits in IC to be risk factors to the incidence

f different types of dementia, including AD (hazard ratio [HR] = 2.17,

5 %CI 1.92 to 2.45). As expected, risk was markedly higher among sub-

ects with IC deficits combined with genetic susceptibility to dementia

HR = 8.11, 95 %CI 6.28 to 10.47) [ 16 ], highlighting the urgent need to

romote IC protection over this subgroup. 

Our study also explored the prospective associations between IC and

ognitive function assessed by a composite cognitive score based on four

ests. Although cognition is part of the IC construct, the clinical meaning

f this concept proposed by the WHO goes beyond of just an agglomerate

f health domains. Combined, they summarize individuals’ interrelated

 15 ] composite of all the physical and mental capacities at any point in

heir lifetime [ 1 ], reflecting general health status. Anyway, in order to

ounteract this potential bias, we also performed the analyses by exclud-

ng the MMSE from the IC status. Results remained similar when using

he 0–100 points IC score. For the classification based on abnormali-

ies in IC domains, significant between-group differences in CCS change

ver time between low and normal IC were only observed in the unad-

usted model with the MMSE kept in the IC variable, indicating more

ronounced decline in cognitive function among those with low IC. 
6

As neurodegeneration and cognitive decline typically occur slowly

ver time, several years before the diagnosis of MCI or dementia [ 28 ],

nd our sample was composed by individuals with high educational

evel (what indicates high cognitive reserve [ 29 ]), it is possible that

ore time would be necessary to more clearly observe the investigated

ssociations. Another point to consider is the fact that findings might

ave been different if other plasma p-tau metabolites have been as-

essed. Ashton et al. [ 30 ] have shown that plasma p-tau217, but not

-tau231 nor p-tau181, was associated with disease progression in pre-

linical and prodromal AD among participants of the BioFINDER-1 co-

ort and the Wisconsin Registry for Alzheimer’s Prevention cohort. 

This is the first study to cross-sectionally and longitudinally inves-

igate the relationship between IC and plasma p-tau181. As another

trength of our study, we should mention the fact that IC was assessed

y two different methods. On the other hand, some limitations should

e noted. Plasma p-tau181 concentrations were analyzed in a subsam-

le of participants from the randomized controlled MAPT trial. More-

ver, assessment was performed in stored blood samples, some years

fter collection (in 2022). However, samples were adequately stored,

nd analyzed in the same laboratory (Clinical Neurochemistry Labora-

ory, University of Gothenburg, Mölndal, Sweden). As typically observed

n longitudinal studies, some measures were missing for some subjects

n the end of follow-up. In addition, as MAPT was not intentionally de-

igned to assess IC, its database did not have information for the sensory

omain of IC for most participants, so this domain was not used to build

C in the present study. Although MAPT was a trial involving omega-3

UFA supplementation and multidomain intervention, only participants

f the control group were included in the prospective analyses. Finally,

onsidering that, generally, multidomain prevention trial participants

re not representative of the general older population [ 31 ], comparing

ur findings with other populations demands caution. 

. Conclusions 

The present study identified initial evidence of a potential associa-

ion between IC and plasma p-tau181 among community-dwelling older

dults. Lower IC was also associated with more pronounced cognitive

ecline after 3 years and 5 years in unadjusted analysis, according to an

C classification based on the presence of abnormalities on IC domains.

urther research may help settle the role of IC as a predictor of neurode-

enerative diseases such as AD. In this regard, interventions based on

ifestyle changes and healthy habits (such as physical activity, healthy

iets, stress management and cognitive training) have potential to pro-

ect IC over the aging process, to increase life quality and to prevent

ognitive impairment and care dependency. Trials exploring multido-

ain interventions should be encouraged for a deeper comprehension

n how to best promote IC protection (or even reverse IC declines) and

educe the burden of neurodegenerative diseases with clinical care and

ith public health policies. 
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